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1. Research background and goals

As science and technology are getting advanced, researches on homecare service have become
increasingly common. These telemedicine services are designed to provide a more convenient bridge that
enables users to directly interact with medical staffs. Although such designs may seem effective and
helpful, senior citizens might be unfamiliar with and burdened by contemporary technology such as
homecare products that constantly change.

Although previous homecare systems have been convenient, storing abundant information has
become an increasingly critical concern of medical service providers. Large quantities of data cause
overloading and reduce system efficiency. Database efficiency has been considered in systems used for
various services such as online storage or online shopping; however, research on homecare systems has
seldom focused on the efficiency of the entire system. In this study, a system was designed for elder’s use
that can store medical data by using a combination of local and remote storage, effectively reducing
system overload. A set-top box was used as the platform to resolve the aforementioned challenges to
senior citizens, and hybrid architecture was used for storing data.

2. Related Works

Numerous studies have explored homecare systems that feature televisions (TVs) and set-top boxes.
Compared with PC-based (Wang et al., 2014) or mobile-based (Yu et al., 2013) systems, TV-based home
care systems provide users with a more friendly and convenient platform. Using a TV-based home care
system yields numerous advantages such as a user-friendly graphical user interface (GUI) that simplifies
the use of the system. However, previous studies have seldom discussed data storage designs and the
problems associated with large amounts of data that expand over time. By 2017, data traffic is estimated
to be 7.7 ZB (Cisco System, 2012-2017); therefore, solving the overload problem caused by big data
traffic has become a critical concern. In this study, a set-top-box-based homecare system featuring novel
cloud architecture (i.e., hybrid architecture) was proposed to resolve the problems caused by considerable
quantities of medical information. Therefore, the first item that must be considered is the storage center
design. A literature review was conducted to compare the designs used in previous storage centers.
Regarding data storage location, previous studies can be classified into three categories: (1) set-top boxes;
(2) cloud; and (3) hybrid set-top-box and cloud systems. The advantages and disadvantages of each
system are discussed as follows.

Regarding (Joon-Ho et al., 2010; Kuusik et al., 2010), the received data were stored in a set-top box.
The medical data were stored in a local machine and sent to a public cloud when requested; in other
words, data were not automatically transmitted to the public cloud. This architecture is advantageous in
that personal privacy is relatively protected, data are readable and accessible regardless of Internet
connectivity, and users can efficiently manage their personal information. However, this architecture
likely facilitates a closed telemedicine service because limited interaction with medical staff members
would make it difficult for physicians to assess the conditions of patients. Furthermore, this type of
telemedicine service may be ineffective for conducting referrals and information exchanges among
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hospitals because medical staff members do not record the latest conditions of patients. In certain studies,
data could not be extracted from set-top boxes; this can cause substantial problems when physicians or
patients require their historical records. Therefore, this type of system is more suitable for personal
measurement than for use in telemedicine. Because of Internet advancement, research into such systems
is limited.

By leveraging Internet technology, numerous studies (Gambi & Gambi, 2008; Angius et al., 2008;
Angius et al., 2008; Faro et al., 2010; Angius et al., 2011; Sorwar & Hasan, 2012; Hinderer et al., 2012;
Vazquez et al., 2012; Anido Rifon et al., 2013) have researched systems that instantly transmit data to a
cloud instead of storing it in a local machine. Cloud storage offers several advantages in that the set-top
box does not require local storage; thus, the goals of telemedicine can be achieved. Information can be
immediately updated and exchanged between medical staff members and patients. Physicians can readily
determine the conditions of patients and make accurate diagnoses. In addition, physicians can remotely
interview patients and assist them in emergencies. Exchanging information among hospitals is feasible by
using the Internet. However, despite this apparent convenience, substantial data would be lost during
transmission if the network becomes disconnected, potentially causing misdiagnoses. Because such cloud
systems lack local storage, misdiagnosis may become a considerable problem. Moreover, if a cloud-based
system has too many users, this type of data management could cause network congestion and database
overload. Furthermore, hacking creates potential user-privacy concerns. Compared with storing data in a
local set-top box, storing data on a remote cloud server is relatively closer to achieving the fundamental
goals of telemedicine.

In (Pan et al., 2012), data were stored using both a local set-top box and cloud server. The primary
feature of this system is the local storage and set-top box that duplicates and transfers information to a
remote server. The advantage is that patient information is efficiently preserved. If the network is
disconnected, no problems occur because the local storage preserves the user information. However, this
architecture reduplicates data on the home and hospital sides, causing wasted space as data are collected
over time; thus, its disadvantages are similar to those of cloud-based systems. If excessive data are stored
on the cloud server, particularly multimedia data, such as videos of daily monitoring or photographs of
the disease conditions of patients, cloud overloading would occur (Hanawa et al., 2013; Ni et al., 2013).
In the current sub-project, a hybrid cloud architecture system was proposed, consisting of a set-top box
and cloud system designed to prevent system overload. Several hybrid architectures are proposed to
overcome the disadvantages of those used in previous studies. After exploring several hybrid
architectures, the most suitable architecture was selected for designing the hybrid cloud-based homecare
system.
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A set-top box and hybrid cloud based homecare system for elders

*Lin, B.-S., Lee, I-J.
Department of Computer Science and Information Engineering,
National Taipei University

Abstract

As science and technology are getting advanced, Telemedicine has become a prevalent topic in
recent years and several telemedicine systems have been proposed; however, to the users, these systems
exhibit disadvantages to not fit the daily requirements. Several homecare systems have been proposed on
several platforms, such as a system hosted on personal computers (PCs) or smartphones. These
telemedicine services are designed to provide a more convenient bridge that enables users to directly
interact with medical staffs. Although such designs may seem friendly and helpful, senior citizens might
be unfamiliar with and burdened by contemporary technology such as homecare products that constantly
change. In addition, if a telemedicine system is designed for only individual use, the core goal of
homecare may not be attained. Furthermore, the large amount of information produced from increasing
medical data from patients will be a big problem which will reduce the system efficiency and cause
congestion when many users access the information at the same time.

In this study, a set-top box integrated with the Android platform to provide a convenient and
user-friendly interface was proposed. The set-top box was designed to receive vital data measured from
medical devices through a Bluetooth interface. The received information is both displayed on a digital
television (DTV) and immediately uploaded to a cloud. Furthermore, this platform can be used to manage
the health situations of family members. The platform can also be used to provide telemedicine services
and exchange information among hospitals. Thus, a novel, hybrid cloud architecture is proposed in this
study. Updated information is stored in a public cloud, enabling medical staffs to rapidly access
information so that they can facilitate diagnosing patients. Outdated information is stored in a private
cloud, enabling users to efficiently access historical records by using a backend management system. The
total data quantity is reduced in the long term, and the efficiency of the database is improved. The
proposed design offers a robust architecture for storing data in an elder homecare system, resolving the
overloading and congestion problems inherent to a centralized architecture because the data quantity
increases and improves system efficiency.

Keywords: digital television, homecare, hybrid cloud, set-top box, telemedicine
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